Introduction
The use of pesticides is indispensable to enhance the agricultural production and control vector-borne human and animal diseases. However, the inappropriate use of pesticides may lead to residues in concentrate feeds and fodder supplied to cattle especially when the withdrawal period is not respected (Rothwell et al., 2001) . Also, animals may be exposed to pesticide residues during spraying with pesticide the cattle barn to avoid vector-borne diseases. In time of spraying, the water and feed should be well protected, unless the accidental spills may occur, which may result in feed and water contamination and the further pesticide ingestion by animals (Tsiplakou et al., 2010) . Pesticides after entering ABSTRACT. The aim of the present study was to investigate the correlation between pesticides contamination of feedstuffs supplied to dairy cattle and pesticide residues in bovine milk. The animal concentrate feed, fodder, water and milk samples were collected from 55 dairy farms in Punjab (India) representing intensive production and typical feeding management. The concentrate feed, fodder/silage, water and milk samples were extracted by multiple residue methodology and pesticide residues concentration was estimated by gas chromatography. It was shown that chlorpyrifos pesticide was the main contaminant detected at mean level of 6.01, 4.05 and 2.58 ng · g −1 in concentrate feed, fodder and milk samples, respectively. Other pesticide residues observed in feed and milk samples were: endosulphan sulphate, cypermethrin, ethion, p,p'-DDE, lindane, malathion and fenvalerate. Chlorpyrifos was the only pesticide detected in one water sample. Though the mean residue levels of pesticides were substantially below the maximum residue limits (MRL), individually two milk samples exceeded the MRL value for lindane (1.0 ng · g −1 ) and three for DDT (20.0 ng · g −1 ) and chlorpyrifos (20.0 ng · g −1 ). Two milk samples also violated the MRL value (10.0 ng · g −1 ) for endosulphan sulphate residues. However, none of the samples was found above the MRL (50.0 ng · g −1 ) for cypermethrin. The relationship between occurrence of pesticide residues in feedstuff and milk might suggest that animal feed is the main source for appearance of pesticides in milk. However, environmental contamination with pesticides, lack of good management practices while using pesticides and violation of withdrawal period for ectoparasiticides may also result in the occurrence of pesticide residues in milk.
animal body, are metabolized and deposited in fat and muscles. They might be also secreted into the milk. Usually, the presence of pesticide residues in animal feeds is the main source of pesticides in dairy products. Also, the pesticides from the environment can be transferred to milk.
Contamination of milk and dairy products with pesticide residues is a matter of serious public health concern, since they are widely consumed by infants, children and adults (Goulart et al., 2008) . This point is of particular interest since young children may be highly exposed to pesticide residues and may be at higher risk of adverse health effects because of their physiological characteristics. Continuous analysing of animal feedstuffs and milk for pesticide residues is indispensable to monitor the levels and identify main sources of milk contamination. Also, the increasing environmental pollution in dairy farms in India needs to be further examined. Moreover, such data can be used to prevent from and control chemical contaminants in milk and dairy products. So, having in mind above facts and considering acute and chronic toxicity effects on human caused by pesticide residues in food, the aim of the study was to analyse the presence of pesticide residues in feedstuffs and water supplied to dairy cattle, as well as in the milk produced at farm level in Punjab, India.
Material and methods

Chemicals
All used reagents, chemicals and solvents were of analytical grade and were procured from Merck (Darmstadt, Germany), Rankem -Avantor Performance Materials India Ltd (Gurgaon, India) and SDFine-Chem Ltd (Mumbai, India). Acetone, hexane, acetonitrile were glass distilled before use. Silica gel (60 -120 mesh) was purified by washing with dichloromethane and acetone followed by activation at 135 °C for 3 h. In a similar manner anhydrous sodium sulphate was also washed and activated. Florisil was used as such without any treatment. Analytical technical grade standards with 93-99% purity for organochlorine pesticides (OCPs: lindane and its isomers, heptachlor, aldrin, fipronil, butachlor, dieldrin, DDT and its metabolites, endrin, β-endosulphan and endosulphan sulphate), organophosphorus pesticides (OPs: chlorpyrifos, monocrotophos, dimethoate, phorate, fenitrothion, parathion-methyl, malathion, fenamiphos, profenphos, ethion, triazophos and phosalone) and synthetic pyretheroids (SPs: cypermethrin, permethrin, cyfluthrin, cyhalothrin, deltamethrin and fenvalerate) were used to detect the residues of these pesticides in the samples. Pesticide standards were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Sampling
Punjab is an agricultural state in which animal husbandry is one of major diversified sector. In total 55 dairy farms representing common intensive farming in Punjab were visited and samples of concentrate feed, fresh green fodder and water supplied to animals as well as samples of pooled milk were collected. All the samples were placed in plastic bags and transported in styrofoam boxes with recyclable ice and stored at −20 °C until processing. The concentrate feed and fodder samples were collected from the animal sheds. Water samples were collected from water troughs. The raw milk samples were collected directly from the cans/cooling tanks.
Extraction and analyses
Pesticide residues from milk samples were extracted according to the method of Battu et al. (2004) . Briefly, milk sample was mixed thoroughly with activated silica gel and anhydrous sodium sulphate and extracted with dichlormethane and acetone. The collected dichloromethane and acetone extracts were evaporated completely and reconstituted with 3 ml of n-hexane. For the extraction of pesticide residues from concentrate feed samples, the method of Mills et al. (1972) with some modifications was adopted using immersion for extraction and florisil for clean-up of the samples. Similarly fodder samples were processed by method of Kang et al. (2002) with suitable modifications. However, water samples were extracted as per the methodology described by Hernandez et al. (1993) with slight modifications using liquid-liquid partiotioning. Reconstituted extract (1-2 µl) was injected into gas chromatograph (GC, model 2010, Shimadzu Corporation, Kyoto, Japan) equipped with electron capture detector for OCPs and SPs detection and flame thermionic detector for OPs detection. (Bedi et al., 2013) . Briefly, the capillary column (RTX-5, low polarity phase, 5% diphenyl/95% dimethyl polysiloxane) with temperature range from 60 °C to 350 °C was used. The oven temperature for GC analysis of OCPs and SPs was initially programed at temperature of 170 °C for 13 min followed by temperature ramp to 270 °C at the rate of 3 °C · min −1 (hold time 20 min). For GC analysis of OPs initial oven temperature was set at 150 °C (hold time for 5 min) followed by temperature increase to 220 °C at the rate of 10 °C · min −1 (hold time for 5 min) and final temperature ramped to 250 °C at a rate of 5 °C · min −1 (hold time for 13 min). The temperature of injection port was set at 280 °C whereas temperature of both detectors was adjusted at 310 °C. Nitrogen was used as carrier gas while hydrogen and air were used for flame formation in flame thermionic detector.
Analyses were identified by comparing the retention times and peak height/area with the reference standards run under similar operating conditions The confirmation of pesticide residues was done by GC-Mass Spectrometer (GC-MS model QP2010 plus, Shimadzu Corporation, Kyoto, Japan) in which a characteristic mass spectrum was obtained based on mass-charge ratio of a compound (Bedi et al., 2013) . Briefly, the oven temperature was initially set at 80 °C followed by increase to 280 °C. The mass spectrometer was operated in electron ionization mode. The interface, manifold and ion source temperatures were maintained at 290, 50, and 200 °C, respectively. The emission current for the ionization filament was set at 80 A generating electrons with energy of 70 eV. Helium (99.99%) at a flow rate of 0.94 ml · min −1 was used as carrier.
The reagent and sample blank were extracted and analysed in triplicate to negate the false peaks in common. The trueness of the method used for extraction and estimation was validated by the processing of spiked fish, sediments and water samples with standard pesticides at concentrations of 10, 20 and 50 ng · g −1
. The mean recovery values of spiked samples were ranged from 78.3% for deltamethrin to 89.4% for aldrin, which was in accordance with the acceptable recovery range of 70-120% (Fajgelj and Ambrus, 2000) . Repeatability of the method was aligned in accordance with the recommendations concerning relative standard deviation of the recoveries values below 10% (Fajgelj and Ambrus, 2000) . The calculated concentrations of residues in samples were not corrected for recovery. The limit of detections were calculated from the detector response using a signal:noise ratio of 3 and the values were varied from 0.3 to 4.0 ng · g −1 for OCPs, 1.0-8.0 ng · g −1 for SPs and 3.5-13 ng · g −1
for OPs. The results are expressed in arithmetic mean value of pesticide residues with unit of ng · g −1 on wet weight basis. While calculation of mean value, the levels of negative samples were considered as zero. Pearson correlation was calculated between presences of pesticide residues in milk and the total concentration of pesticide in feed and water. The measurements were considered to be statistically significant at P < 0.05.
Results
The analysis of concentrate feed, green fodder and milk samples collected from animal farms indicated the presence of OCPs, OPs and SPs residues (Table 1 ).
In the concentrated feed samples the percentage proportion reflected highest share of OPs (45.3%) followed by SPs (28.5%) and OCPs (26.2%) ( Figure 1A , respectively. Similarly, in green fodder samples collected from different farms SPs was detected utmost with percentage proportion of 44.6% followed by OPs (32.8%) and OCPs (22.7%) ( Figure 1B) . Only one water sample was contaminated with chlorpyrifos residues.
Among all pesticide residues detected in milk, the main contaminant was chlorpyrifos, recorded in 6 out of 55 (10.1%) samples, followed by cypermethrin (9.1%), endosulphan sulphate (7.3%), p,p'-DDE (5.4%), ethion (5.4%), lindane (3.6%), fenvalerate (3.6%) and malathion (1.85%). The proportion of pesticide residues groups detected in milk samples indicated the highest contribution of OPs (41.2%) followed by SPs (35.9%) and OCPs (22.9%) ( Figure 1C) . The mean residue levels of pesticides were found to be lower than the maximum residue limits Relationship between presence of pesticide residues in animal feedstuffs (feed, fodder and water) and milk was evaluated in terms of correlation coefficients and the values ranged from −0.064 to 1.0 for fenvalerate and malathion, respectively. Statistically significant relationship (P < 0.05) was observed for lindane, endosulphan sulphate, chlorpyrifos and malathion residues in milk with the total dietary intake by the animals with value of r = 0.590, 0.595, 0.614 and 1.0, respectively (Table 1) . Out of 55 farms, at 12 sites residues of lindane, p,p'-DDE, endosulphan sulphate, cypermethrin and chlorpyrifos ( Figure 3A , 3B, 3C, 3D, 3E) were detected in both animal concentrate feed and milk samples, while in other farms pesticide residues were only detected either in feed or milk.
Discussion
In the previous studies the predominance of OCPs viz. DDT metabolites (p,p'-DDE, p,p'-DDT) and lindane in milk samples was evident (Battu et al., 2004; Sharma et al. 2007 ). This may be related to the imposition of ban/restriction on use of DDT and technical hexachlorocyclohexane (HCH) (α-, β-, γ-and δ-isomers) and increasing use of OPs and SPs groups as a replacement for persistent OCPs (Government of India, Ministry of Agriculture & Farmers Welfare, 2015) which is indicated by the occurrence of OPs and SPs even in human breast milk (Feo et al., 2012; Bedi et al., 2013) . Similarly, the presence of OPs residues in bovine milk has already been reported by Pagliuca et al. (2006) and Bedi et al. (2015) and is mainly attributed to the ability of OPs to covalently link with milk proteins. Cheema et al. (2004) have also reported the presence of chlorpyrifos in 6.7% of milk samples collected from Punjab (India), and concentrations in all of these samples exceeded MRL values. In some previous reports from India, animal concentrate feed samples were found to be positive for endosulphan sulphate, chlorpyrifos, phorate, monocrotofos, dimethoate, diazinon, carbaryl p,p'-DDE and p,p'-DDT isomers residues Nag and Raikwar, 2011) .
Though, the present study was not a controlled feeding experiment and pesticide daily intake was not constant, even then, in 21.8 % (12/55) dairy farms the same active compound was detected in milk and feedstuff. It suggests that the pesticides residues could have been transferred from animal feed to milk. However, residues of cyhalothrin, profenophos and deltamethrin were detected in animal feed and fodder samples but not noticed in any milk samples. It can be attributed to high solubility of some of these components. Therefore, animals secrete most of these chemicals in their urine and faeces (International Dairy Federation, 1997) . On the contrary, at some dairy farms milk samples were found positive for the pesticides, but in foodstuffs these contaminants were not detected. This can be explained by several reasons: pesticide residues in feed could be degraded or below the detection limit, the contaminated feed component was no more present in the farm or it is possible that contamination could result from the use of ectoparasite treatment on animals. Further, the transfer of pesticides from animal feed to milk is influenced by by ingestion, absorption, metabolism and excretion by the lactating animals. The presence of pesticide residues only in water samples may be related with the facts that pesticides residues in water systems can be hardly detected, as they suffer dilution effects, hydrolysis and photolysis on superficial waters. But still, some researchers were able to found high levels in aquatic environment (García de Llasera and BernalGonzález, 2001; Sankararamakrishnan et al., 2005) . Also pesticides (malathion, delatmethrin, cypermethrin, dimetohate, cyfluthrin, cyhalothrin, permethrin, amitraj etc.) were used in some dairy farms to protect the animals from house flies and ticks. Some farmers were facing pesticide resistance problem in vector control which is also reflected by Singh et al. (2014) in the region of present study. Additionally, in some farms that pesticide containers were kept in animal feed storage sites which may result into accidental spillage on feed. Moreover, while spraying pesticides on crops adjacent to dairy farms, the drift and volatilization of these pesticides may result in their deposition on the non-target sites which may include feed, fodder and water. This observation may be related with some findings in India in which residues of DDT, HCH, endosulphan sulphate, chlordanes were detected in air samples from rural and urban environment (Chakraborty et al., 2010; Devi et al., 2011) . Similarly, Srimurali et al. (2015) conducted passive air sampling in urban, suburban, coastal, and agriculture areas in Tamil Nadu (Southern India) and found the total concentration of 13 OCPs ranged from not detected to 41 400 pg · m . DDTs, DDD, heptachlor and mirex were predominant during monsoon season.
As the milk and dairy products are widely consumed by infants, children and adults the pesticide risk management should be introduced in order to prevent the exposure to pesticides either through feed or from the environment, as well as the follow up of a withdrawal time (Kan and Meijer, 2007) . Therefore, available pesticide monitory studies are useful to control the levels and identify the main sources of milk and dairy products contamination. Furthermore, the presented data can be used to prevent from and control chemical contaminants in milk and dairy products.
Conclusions
Milk, animal feed and water samples from dairy farms of the Punjab were found contaminated by organochlorine pesticides (OCPs), synthetic pyretheroids (SPs) and organophosphorus pesticides (OPs) residues. Despite the fact that milk samples were contaminated with pesticide residues, the mean contamination level was lower than maximum residue limits. Though pesticide containing feed is primarily responsible for the pesticide transfer to milk, poor management practices at the farm level while using pesticides may also serve as source of milk contamination. Therefore it is necessary to monitor the milk as well as feeds and fodder destined for animal consumption regularly.
